Abstract. We outline the historical and contemporary ranges of two spadefoot toad species (Pelobates fuscus and P. syriacus) in the Balkan Peninsula, including the adjacent area based upon published data and our own investigations, as well as from indirect paleogeographical and paleoecological data. We estimate that approximately 13% of the historical range of P. fuscus was lost during the last 100 years. The distribution range of P. syriacus in the Balkans is much larger than previously known, rather compact but disjunctive. The range of P. fuscus penetrates deeply into the Balkans, but has a rather fragmented distribution. The two species are sympatric along the lower course of the Danube, the western Black Sea coast and, further to the south, in the vicinity of the Bosphorus Strait. We refined the borders of the sympatry zone, especially in Serbia. We suggest that special conservation measures are required for the isolated populations of both species, remnants of a formally continuous distribution range.
I. INTRODUCTION
Two spadefoot toad (Pelobates spp.) species are encountered within the Balkans. The common spadefoot toad Pelobates fuscus (LAURENTI, 1768) has an extensive range, which covers most of the plains and hilly regions (up to 810 m) of central, eastern and southeastern Europe (NÖLLERT 1997; ZAVADIL et al. 1995; KUZMIN 1999) . The present range of the eastern spadefoot toad (Pelobates syriacus BOETTGER ,1889) is bounded by the Pannonian Plain and the Danube River area on the north, the Morava River valley on the west, the Mediterranean shoreline on the south, and Transcaucasia on the east (e.g. SOFIANIDOU 1997). The vertical distribution of this species ranges from sea level to 1,935 m (KUZMIN 1999) . Almost no other amphibian species in Europe leads such a secretive life as the spadefoot toads (Pelobates spp.). Therefore, it is particularly difficult to find reliable indicators of their presence. They are strictly nocturnal outside the breeding season and hide during daylight in deep burrows. Their distribution is limited to areas with sandy soils, heath lands and deciduous woodlands with loamy soils, while the spawning biotopes include a variety of permanent or semi-permanent ponds. This causes their actual distribution to be discontinuous and patchy (e.g. NÖLLERT 1990 ). The spadefoot toads are highly specialized and have a narrow ecological niche that selects for lower levels of genetic diversity (SHPUN et al. 1993) . The larval stage of spadefoot toads lasts longer than in other amphibians (2 to 4 months), and the larvae are larger than in any other European anurans (NÖLLERT 1997; KUZMIN 1999) . A high level of fluctuation in population size, which can decrease to near-extinction, was observed, at least for P. fuscus (JEHLE et al. 1995) . Not surprisingly, the spadefoot toads are considered to be declining in many parts of their range (JEHLE et al. 1995; NÖLLERT 1997; SOFIANIDOU 1997; EGGERT 2002) .
The Balkans are of crucial importance for an understanding of the many poor known attributes (historical and current chorology, phylogeography, taxonomical diversity, conservation matters etc.) of spadefoot toads in Europe for several reasons. First, the southernmost portion of the range of P. fuscus and the northernmost portion of the range of P. syriacus are located in the Balkans and adjacent areas (NÖLLERT 1997; SOFIANIDOU 1997) . Second, this peninsula is also the only region where these species occur in sympatry (e.g. FUHN 1960; DðUKIAE 1974) . Third, the last post-glacial range expansion of P. fuscus into central and western Europe most probably started from this area (EGGERT et al. in prep.) . It should be kept in mind that despite being rather widespread and having abundant populations locally, due to their secretive life-style spadefoot toads were described quite late in many countries in the area. Thus, P. syriacus was described from Macedonia only in 1928 (KARAMAN 1928 ), in Bulgaria in 1932 (MÜLLER 1932 ), in Romania in 1954 (BÃCESCU 1954 and in Greece in 1975 (BÖHME 1975 .
In this paper, based upon published and unpublished distributional data completed with historic data inferred from distributional data and paleogeographical studies, we have outlined the historical and contemporary geographical ranges of the two spadefoot toad species in the Balkans, in an attempt to make out the potential migration routes, and identify populations that require with priority conservation measures.
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II. MATERIALS AND METHODS

A r e a s t u d i e d
In contrast to the Iberian and Apennine peninsulas, the Balkan Peninsula is not separated physically from the European mainland by mountain barriers and therefore communicates widely with the Central Europe. As a result, the northern and, especially, western boundaries of the Balkan Peninsula have never been demarcated precisely. Here we define the dividing line between the Alps and Dinarides (Dinaric Alps) as the northwestern border of the Balkan Peninsula. Geographically the Balkan Peninsula can be characterized as a land of mountains and ravines. Lowland areas suitable for the spadefoot toads in terms of breeding sites and terrestrial habitats are restricted mainly on the northern and eastern parts. On the north, the flood plains of the Sava River and of the lower reach of the Danube River are lowland areas. Restricted lowlands expand southwardly into Balkan Peninsula, along the valleys of main tributaries of the Sava and Danube rivers and on the east along the Black Sea coast, including Thrace. We also included in our analysis the southern parts of the Pannonian plain, as well as northern Slovenia and southern Romania, to cover the entire area of sympatry.
D i s t r i b u t i o n d a t a
The dataset of locations where spadefoot toads were recorded used in the present study consists of unpublished original records, as well as previously published data on spadefoot toad chorology within the Balkans and adjacent areas. Most records came from inventories based on the presence of tadpoles, juveniles or adults in aquatic or terrestrial habitats, including those taken from killed specimens encountered on roads. In a few cases, data came from the discovery of bone remains in ingluvia or in nests of birds of prey.
In the absence of direct chorological evidences, parts of presumably historical ranges were inferred from the position of the Neogene lakes remnants, which formed a system of huge marshes, which lasted until the middle of the last century in the Balkans (Serbia, Macedonia, Bulgaria). Essential for the presence of spadefoot toads, these basins were covered with sand and loess sediments. These areas were suitable for spadefoot toads, in terms of appropriate soils and breeding sites. Most of these lakes have been drained and transformed into agricultural land.
During 2001-2003 we have searched intensively for spadefoot toads along the whole historical range, except for Albania and Greece, especially in areas without incidence data but where spadefoot toads are likely to occur. Negative results of our attempts were taken as the evidence of toad's absence from these areas. The percentage of the P. fuscus range lost during the last 100 years was estimated from distribution maps using the Image Tool 3.00 software.
III. RESULTS
We recorded new localities of the common spadefoot toad during our inventory in the lowland area of central and eastern Serbia -the Great Morava River valley, the Drina River valley, and in the valley of South Morava, more to the south than previously noted (Fig. 1) . In spite of extensive searches, we failed to confirm the presence of P. fuscus in lowland areas south of the South Morava up to Grdelica Canyon, although we found there a relict population of fire-bellied toads (Bombina bombina), a species with an almost identical range to P. fuscus (NÖLLERT 1997) . We consider the Grdelica Canyon as the southernmost extent of the historical species' range in central Serbia. Another P. fuscus penetration into the central Balkans is along the Timok River, in the western part of the Wallachian-Pontic Basin (Fig. 1) .
The easternmost range of the Italian common spadefoot toad (P. fuscus insubricus) penetrates in the Balkan Peninsula (Trieste area, Fig. 1 ). Common spadefoot toads vanished from this region since 1970's (LAPINI et al. 1999 and references therein), so the Balkan range of the Italian taxon can be considered as a historical one. In the western part of the Balkan Peninsula, three known records mention the town of Rijeka (MATISZ 1896; DEPOLI 1898) (Fig. 1) . Due to considerable habitat alteration, especially breeding site destruction, this part of the species' range can also be considered as historical. The occurrence of P. fuscus in Croatia (northern Dalmatia) along the northern part of the eastern Adriatic coastal zone has been acknowledged a long ago, but without the precise location (GERMAR 1817; LEYDIG 1877; WERNER 1897). There is also much indirect evidence from paleogeographical, geological and paleoecological data for the possible presence of P. fuscus in the fa-vourable habitats in this area (e.g. MEISSNER 1970; STEVANOVIAE et al. 1992; ANDREONE et al. 1993; ADAMS & FAURE 1997) . Therefore, we included the Northern Dalmatia in recent historical range of P. fuscus.
In Bulgaria and the part of southern Romania included in this study, the distribution records are mostly confined to the area along the Danube River and the Black Sea coast. The only significant penetrations into the Balkan continental mass are along the Jantra River valley, and the isolated populations in the Sophia Basin, at altitudes ranging between 506 -680 m above sea level, the maximum elevation recorded in the Balkans (BEŠKOV & BERON 1964; BEŠKOV & NANEV 2002) . Three of the known locations from this area are confined to the former bottom area of a previous lake, while two locations were recorded on higher terraces within the Sophia Basin.
A contemporary isolated population of P. fuscus has been discovered in Turkish Thrace, near the Bosphorus Strait (EISELT 1988), but this finding needs confirmation. This is by far the southernmost extent of the species' range (Fig. 1) . Confounding the issue, however, is the fact that this site is 400 km from the nearest known P. fuscus population. Overall, we estimated that during the last century the range of P. fuscus diminished with about 13% in the Western and Central Balkans. No estimation of range restriction could be done for Romania due to the scarcity of historical records. It was long considered a very rare species in Romania (KIRIÞESCU 1903; CÃLINESCU 1937; BÃCESCU 1941) , and even later on FUHN (1960) listed only 43 known locations throughout the country, roughly 15% of the present-day known localities.
During our study new localities were also found for P. syriacus. According to available data, the range of P. syriacus in the Balkans is disjunctive (Fig. 2) . Smaller areas of occurrence for P. syriacus within the Balkans include the south-easternmost portion of the Pannonian Plain, the narrow sandy lowland along the right descending bank of the Danube River and the Great Morava valley, including the lower zones of the Western Morava and Southern Morava drainages. Most likely, Grdelica Canyon on the south and the Danube's "Iron Gates" on the east demarcate the border between these two portions of the eastern spadefoot toad's range within the Balkans (Fig. 2) .
The largest portion of the distribution range includes Greece, FYR Macedonia, eastern and southern Bulgaria, Turkish Thrace and Romania (Black Sea coastal area and along the Danube River). The lowlands of the north-eastern portion of Serbia (downstream the Danube's "Iron Gates" Pelobates spp. in the Balkan Peninsula area) and the Timok River valley can be added. A considerable part of the species range is in Greece ( Fig. 2 ; range borders from SOFIANIDOU 1997). It was reported from about 150 aquatic biotopes within 40 regions all over the Greek mainland (SOFIANIDOU pers. comm.). However, we found only a few full location data from literature of which none related to historical locations, since its presence in Greece was reported only in 1975 by BÖHME. Thus we could not infer the relationship between historical and contemporary ranges for the eastern spadefoot toad in the Balkans. The two spadefoot toad species were known to occur in sympatry along the lower course of the Danube, along the western coast of the Black Sea and, further to the south, in the vicinity of the Bosphorus Strait (DðUKIAE & PASULJEVIAE 1983; EISELT 1988; COGÃLNICEANU 1991) . Our recent findings enlarge the zone of sympatry to encompass the Great Morava valley area, including South Morava, as well as the northeastern portion of Serbia (Fig. 2) . It is possible that an even larger area of sympatric expanding into the eastern and southern Serbia exists in spite of negative results of our searches for spadefoot toads in these areas.
IV. DISCUSSION
The results of the present study indicate that the distribution patterns of the two spadefoot toad species in the Balkan Peninsula are more complex than currently accepted. Thus we found a deep penetration of the range of P. fuscus into the Balkans, with a rather fragmented distribution, as well as a much larger distribution range than previously known of P. syriacus.
Contraction of geographical range is a common occurrence for many species today (e.g. CHAN-NEL & LOMOLINO 2000 a), and especially for amphibians (STUART et al. 2004) . Apparently this is also the case with spadefoot toads in the Balkans where the current known area of distribution was much reduced. The range lost was most likely due to human-induced changes like habitat degradation (mostly due to drainage practices), use of pesticides and fertilizers, xerification and introduced species (mostly fishes) or pathogens as happened for many animal and plant species.
We suggest that in both spadefoot toad species range loss occurred mostly at the periphery of the historical range (for a general discussion see LESICA & ALLENDORF 1995; CHANNELL & LOMOLINO 2000 b) . This happens since populations near the edge of the species' geographical range boundary are usually more prone to extinction due to small population size, low level of immigration and high genetic drift (e.g. HOFFMANN & BLOWS 1994) . Besides the present report for the Balkans, considerable shrinkage of P. fuscus range occurred elsewhere also. Thus, in France only a small remnant population survives in the most western part of the species range, which has been depleted of the common spadefoot toad since the 19 th century (EGGERT 2002) . Contemporary populations from the Sophia plain and the northernmost populations from Romania, as well as historical populations from Trieste and Rijeka regions, can be considered as remnants which were originally at the edge of the historic range of P. fuscus, but are now located outside what is currently the contiguous species range. The question of whether southern populations of P. fuscus in Serbia are connected with those populations in the Sophia Basin, the main Bulgarian area with isolated P. fuscus, remains unanswered. We have indirect evidence, however, that this may have been the case, at least during the Neogene, when the system of oval-shaped hydrologically connected or isolated lakes extended from central Serbia to eastern Bulgaria (STEVANOVIAE 1982) . A second hypothesis that the common spadefoot toad populations in the Sophia Basin originated as the result of a connection with the conspecific populations from the lowland Danube region (via the Iskar River) is much less likely due to the presence of canyons which apparently act as significant geographic barriers.
The outlined Adriatic Coast part of the P. fuscus range could be only a remnant of a much larger area during the last glaciation period. Namely, the Adriatic Sea went through considerable changes during the Pliocene and Pleistocene, especially during the Würm glaciation (STEVANOVIAE et al. 1992) . The sea level was about 100 m lower than it is today, with its northernmost extent at what is now the vicinity of the Monte-Gargano-Pelješac bridge (see Fig. 1; FURON 1950; BOGNAR 1987 : VAN ANDEL & TZEDAKIS 1996) . The recession of the sea created the possibility for the presence of alluvial and moraine plains with sand deposits, the preferred substrate for the spadefoot toad (MEISSNER 1970; ANDREONE et al. 1993) , as well as breeding habitats (e.g. swamps and marshes along the rivers Po, Pro-Soèa, Raša and Rjeèina) for the spadefoot toad in these areas.
The taxonomic significance of spadefoot toad populations from eastern Adriatic coastal area, i.e. whether they belong to the nominotypical subspecies or the Italian taxon (P. f. insubricus), is still a matter of debate. It seems prudent to consider the possibility of a connection between the main range of the Italian taxon and refugial portions of its range in the littoral zone of Croatia and Northern Dalmatia, at least until the beginning of the twentieth century. The hypothesis that spadefoot toads from these areas belong to the nominotypical subspecies is less likely zoogeographically due to significant barriers along the two rivers which confine the subspecies ranges to lowlands in Slovenia and Croatia.
The common spadefoot toad populations from the central part of Europe originated as the result of colonisation from the southern refugia which probably took place after the last glaciations (Upper Dryas), as suggested by the high mitochondrial cytochrome b gene diversity found in southern refugial areas versus the uniformity found in Central and Western European populations (EGGERT et al. in prep.) . Also, the Balkan samples of P. fuscus belong to the so-called western type of P. f. fuscus, which was identified both by DNA flow cytometry and by allozyme data in Eastern Europe (BORKIN et al. 2001) . A less likely hypothesis is that the contemporary Balkan populations of this species are newcomers from Central Europe rather than being descendents of ancient prePleistocene populations.
Fragmentation of the previously more or less contiguous eastern spadefoot range within the Balkans probably occurred during the Pleistocene climatic changes. Pelobates syriacus survived in the Balkans in a few restricted refugial zones presumably corresponding to the two continuous present-day parts. A morphometrical study of P. syriacus populations from the Balkans and Anatolia suggested that populations from Serbia are a distinct taxon (UGURTAS et al. 2002) . However, the levels of differentiation between specimens from these two disjunctive areas still remain to be investigated genetically. Dispersal can only happen along two possible corridors, the Morava-Vardar valleys and along the Danube, through which only a low gene flow might occur (see Fig. 2 ). In contrast to P. fuscus, isolated populations of P. syriacus, which persist outside what is now a contiguous range, do not exist in the Balkan Peninsula, except for a northernmost isolated population in Balta Albã, Romania (Fig. 2) . It is possible that there are more isolated populations surviving in the area, but the intensive agriculture practices and accelerated aridisation of the area have severely diminished available reproductive sites and probability of survival (COGÃLNICEANU & VENCZEL 1993) .
A great deal of effort and resources should be spent protecting the isolated peripheral populations, remnants of a formally continuous distribution range, because of their potential for evolutionary change (CRANDALL et al. 2000) . The Balkans are the area of greatest conservation concern for spadefoot toads, especially the Sophia Basin (with its relict P. fuscus populations), but also the isolated population in Turkish Thrace and other populations, which penetrated deeply into Balkan territory. As species often persist at the edge of their historical distributions (CHANNELL & LOMOLINO 2001 b) , the importance of the Balkans spadedefoot toad populations for conservation is undisputable.
